Front cover illustration: The 'mixed-puckered' kinked structure that gives rise to the left handed toroidal superhelix in nucleosomal DNA. Central red line indicates the superhelix axis; blue lines indicate helical-axes present within A-and B-DNA segments connected together by kinks in this left-handed toroidal superhelical structure.
Introduction
Although it is now widely accepted that nucleosomal DNA forms a left-handed toroidal superhelix when winding around the nucleosome core particle, little is known about the flexibility in its structure that allows this to happen.
Earlier, I put forward a kinked model to understand how DNA is organized within the nucleosome (1, 2-5). The model assumed nucleosomal DNA to be in its B-form, separated by 'mixed-puckered kinks' every 10 base-pairs. Here, I present a modification to this model, this being necessary to explain important additional experimental information uncovered several years after the model was proposed (6-10).
The modified model proposes that if there were an equal probability that both 10 basepairs of B-DNA or 11 base-pairs of A-DNA exist within any given segment of the lefthanded toroidal superhelical structure --these being connected together by mixedpuckered kinks --then a population of such aperiodic structures is expected to give rise to the periodic cutting-patterns observed experimentally. This would be true for naked DNA molecules immobilized on a calcium-phosphate crystalline surface as well, provided they also formed left-handed toroidal superhelices under these conditions. In both cases, probability considerations predict cutting patterns to be symmetrically distributed around integral multiples of 10.5 base-pairs along DNA, the relative magnitudes of the surrounding peaks in these patterns being governed by the binomial distribution. 
Presence of Anisotropic Flexibility in DNA Structure
We begin by reviewing the properties of space-filling CPK models of DNA, which reveal the presence of a highly directional (i.e., anisotropic) flexibility in its structure. This anisotropy becomes evident upon examining these models in the absence of its aluminum helix-axis, whose presence imparts an artificial rigidity to its structure.
See Figure 1.
If one begins by bending DNA towards its wide groove direction (i.e., down the 2-fold symmetry axis lying between adjacent base-pairs, this being perpendicular to its helixaxis), base-pairs begin to "roll" on each others van der Waals surfaces, this being accompanied by small but systematic alterations in the torsional angles defining the sugar-puckering, base-sugar orientation and sugar-phosphate linkages in DNA. These If, however there were an equal probability that either 11 base-pairs of A-DNA or 10 base-pairs of B-DNA exist within any given segment of the left-handed toroidal superhelical structure shown above, a population of such aperiodic structures can give rise to the periodic cutting-patterns observed experimentally (it is interesting to note in this regard that an A-DNA allomorph is known that contains 11 base-pairs per turn in 31.0 Angstroms (12)). This would be true for naked DNA molecules immobilized on a calcium-phosphate crystalline-surface as well, provided they also form left-handed toroidal super-helices under such conditions.
In both cases, probability-considerations predict cutting patterns to be symmetrically distributed around integral multiples of 10.5 base-pairs along DNA, the relative magnitudes of the surrounding peaks in these patterns being governed by the binomial-distribution. I now propose this modified model to understand how DNA is organized within the nucleosome.
The presence of this mixed-puckered kink connecting segments containing 10 base-pairs of B-DNA or 11 base-pairs of A-DNA causes nucleosomal DNA to bend and to unwind, 
------------------------------------------

A Brief Review of the Binomial Theorem
The binomial expression (a + b) raised to any power n (where n = 1, 2, 3, …) leads to a series of polynomials, each having numerical coefficients defined as the binomial coefficients (see Table 1A ).
These coefficients can be arranged in the form of a triangle (known as Pascal's triangle), which permit their values to be readily extrapolated to any value of n, without having to carry out further algebra (see Table 1B ).
Thus, for example: These normalized values of the binomial coefficients have been tabulated in Table 2 , their sums being 1.0000 for each value of n. For reasons we next discuss, they will be used in the analysis which follows. Rather than bending uniformly along its length, the author proposes these observations to reflect the presence of a left-handed toroidal superhelical structure being composed of multiple segments, each containing 10 basepairs of B-DNA or 11 base-pairs of A-DNA, these being held together by 'mixed-puckered kinks'. In both cases, probability considerations predict cutting patterns to be symmetrically distributed around integral multiples of 10.5 base-pairs along DNA, the relative magnitudes of the surrounding peaks in these patterns being governed by the binomial distribution.
The fit is not perfect, however, since these experimental results reveal the existence of additional fine peaks between maxima differing by one nucleotide. These can be explained as arising from a limited number of lefthanded toroidal superhelical structures that begin with shorter (or longer) B-and A-DNA end-segments. This would have the effect of shifting the patterns (shown in Figure 4A and B) to the left and to the right, causing each maxima in Figure 4C to broaden. This end-effect can explain the presence of additional finer peaks between maxima which differ by one nucleotide. 
Finally, if the pancreatic DNase begins by cleaving a kink appearing after the third base-
And so on.
From this it is clear that the size and composition of the nucleosomal DNA segments generated by pancreatic DNase I cleavage in this example obey the binomial distribution. We shall now show that the normalized values of the binomial coefficients define the probability that kinks appear at specific locations determined by n, these kinks being recognized and subsequently cleaved by the pancreatic DNase I enzyme. The data in Figure 5 can readily be compared with that predicted in Figure 4C . In both cases, cutting patterns are symmetrically distributed around integral multiples of 10.5 base-pairs along DNA, the relative magnitudes of the surrounding peaks in these patterns being explained by the binomial distribution. The fit is not perfect, however, since the experimental results reveal the existence of additional finer peaks between maxima differing by one nucleotide.
These can be explained as arising from a small number of left-handed toroidal superhelical structures having shorter (or longer) B-or A-DNA end-segments. This would have the effect of shifting the patterns (in Figures 4A and B) to the left and to the right, causing each maxima in Figure 4C to broaden. This end-effect can explain the presence of the additional finer peaks between maxima differing by one nucleotide just mentioned. (13, 14) . We have explored the possibility that such a solenoid arises due to the flexibility present in the mixed-puckered kink to fold internucleosomal DNA into this form. . These data in itself are strongly suggestive that higher-energy mixed-puckered kinks are present within the internucleosomal connecting regions, enabling nucleosomes to form its higher-order solenoidal structure.
A MODEL TO UNDERSTAND THE HIGHER-ORDER
Experimental Predictions
The model makes a number of testable predictions:
1) The model predicts the number of base-pairs within any given nucleosome to be variable (i.e., lying between 140 and 154 base-pairs; however, having the highest probability that it contains 147 base-pairs), the magnitudes of the surrounding peaks being governed by the binomial distribution.
2) The model predicts irehdiamine and dipyrandium (but not ethidium) --two steroidal diamines that bind by partial intercalation to the lower energy form of the kink in nucleosomal DNA (11) --to be competitive inhibitors of the pancreatic DNase I enzyme. Their presence is predicted to suppress the appearance of the cutting patterns observed in Figure 5 .
3) The model further predicts ethidium (but not irehdiamine or dipyrandium) to competitively inhibit the micrococcal-nuclease and the chemical-nuclease, 1, 10 phenanthroline-copper (I), from cleaving hypersensitive-sites that exist between nucleosomes in whole chromatin. These regions are proposed to contain higher-energy mixed-puckered kinks in their internucleosomal regions when forming the higher-order solenoidal structure.
Appendix
This appendix describes a soliton mechanism for thermal DNA melting, having been inadvertently omitted from my earlier book, PREMELTONS IN DNA (2009) (11). As explained in footnote 1 in this book, premeltons are examples of "kink-antikink boundstates" (i.e., or equivalently, "breather solitons") in DNA, these arising spontaneously within the early melting regions of DNA to nucleate site-specific DNA melting. Their presence allows one to understand how drugs and dyes intercalate into DNA, and also to understand how nucleases such as the micrococcal-nuclease and the pancreatic DNase I enzymes recognize and cleave early melting regions in naked DNA molecules. The reader is referred to this book for further detail.
Energies necessary for the formation of the premelton in DNA molecules come from Brownian motion, excited by solvent collisions at normal (i.e., kT) energies.
We envision DNA in solution to be continually bombarded by solvent collisions along its length. Although at first glance, one might expect the average excitation force to be zero, this is not the case in the microscopic domain, where DNA is continually experiencing unbalanced forces (i.e., the Brownian force).
Since the collision cross-sectional area of DNA is small (i.e., the diameter is about 20 Angstroms), relatively few solvent molecules impinge on its surface in short time intervals. Moreover, the flexibility of DNA is highly anisotropic. Due to this anisotropy, most solvent collisions are expected to have little effect on DNA structure, exciting only small amplitude normal mode motions in functional groups. These are expected to damp readily through solvent interactions. There are, however, small windows of collisions that deform DNA nonlinearly. We believe these collisions to hit DNA from both wide and narrow groove directions, striking DNA along dyad axes located between adjacent base pairs.
Such collisions give rise to nonlinear pulses in DNA (also called solitons, or solitary excitations), which move along the polymer chain with a velocity significantly less than the speed of sound. These contain a modulated beta-alternation in sugar puckering along both polynucleotide chains, and are nontopological --that is, although these excitations unwind DNA, this is counterbalanced by right-handed superhelical writhing to keep the linking invariant. Energies stored and transmitted by such intrinsic locally coherent excitations can travel considerable distances along DNA with minimal dissipative loss, since they are largely internal to the polymer structure. In addition, such nonlinear pulses remain "robust", since the nonlinearity present in the sugar-pucker conformations acts to minimize dispersion effects.
The shape of the energy density profile accompanying low energy solitary excitations is expected to be sensitive to the nucleotide base sequence in DNA. This is because different DNA regions contain different base-stacking energies, and have, therefore, different intrinsic flexibilities. Energy-density profiles of traveling solitary excitations are expected to sharpen up (i.e., the leading edge of the excitation traveling more slowly than the trailing edge) within regions that start out by being more flexible than other regions. This acts to deform DNA structure, and to enhance the lifetime of these excitations. This increases the probability that, with increasing temperature, still larger excitations can form from the coalescence of additional solitary excitations that arrive in these regions. The appearance of these larger excitations deforms DNA regions still further, and gives rise to even greater flexibility in their most central regions. Eventually, with increasing temperature, premeltons arise that contain hyperflexible (liquid-like) beta-DNA cores, surrounded by phase boundaries termed "kink" and "antikink". In summary then, my thermal mechanism predicts the existence of three structural phases for DNA: the Watson-Crick A-or B-forms (solid), the hyperflexible beta-DNA form (liquid), and the entropic single-stranded melted DNA form (gas). The beta-DNA phase within the premelton is predicted to play a key role in nucleating DNA-melting.
Premeltons
